Introduction
In this report, all varieties are defined over the field of complex numbers C.
In [3] , Horikawa introduced a method of resolving singularities of double covers over a smooth surface, called the canonical resolution. Ashikaga gave a similar method for certain triple covers in [1] , and Tan constructed the canonical resolution for any triple covers in [8] . These methods are useful for global or local study of branched covers of surfaces.
In this report, we compute some numerical invariants of the minimal resolution of certain 4-fold covers. Its key point is a method of resolving singularities of 4-fold covers.
Notation

Y
: a smooth projective surface, X : a normal projective surface, C(X), C(Y ) : the rational function fields of X and Y , respectovely, π : X → Y : a 4-fold cover (i.e. finite surjective morphism of degree 4), ∆(π)
: the branch locus of π
: a canonical divisor and topologically Eular number of Y , S i : the symmetric group of degree 4.
4-fold covers and S 4 -covers
Under these circumstances, C(X) is a finite extension of C(Y ) with [C(X) : C(Y )] = 4. there is an element z of C(X) such that its minimal polynomial over C(Y ) is
Let K be the Galois closure of C(X)/C(Y ). In this report, we always assume that Gal(
Based on Lagrange's method of solving f = 0, we canonically obtain the diagram of the field extensions and the normalizations of Y as in Figure 2 .1. Hereπ (resp. φ) is an S 4 -(resp. S 3 -) cover, ψ 1 is a double cover, ψ 2 is a cyclic triple cover, and ψ 3 is a bidouble cover (i.e. (Z/2Z) ⊕2 -cover). We can regard X as a quotient of X by S 3 .
Ramification structure ofπ
We study the ramification structures ofπ. For a reduced divisor H on Y , we say thatπ is ramified at just ψ 1 over H if ψ 1 is ramified over H, and ψ 2 and ψ 3 are unramified over H. We use similar terminology for other cases. We define reduced divisors A, B, C and D on Y as follows (see §1):
A is the divisor over whichπ is ramified at just ψ 1 , B is the divisor over whichπ is ramified at just ψ 1 and ψ 3 , C is the divisor over whichπ is ramified at just ψ 2 , and 
Generic 4-fold covers
In this section, we define generic 4-fold covers which we consider in this report.
Note that if π is generic, then ψ 2 and ψ 3 are not ramified along curves but at points. We consider a generic 4-fold cover whose branch locus is a curve with at worst simple singularities. Let π : X → Y be a generic 4-fold cover as above. We denote the minimal resolution of X by X.
Next we state our Main Theorem.
Theorem 4.2. Let π : X → Y be a generic 4-fold cover as above. Then
where δ 1 and δ 2 are as follows; Let γ :
be the number of connected components in ∆(ψ 2 ) (resp.ψ 2 (∆(ψ 3 )) ).
Sketch of our proof of Theorem 4.2
First we introduce a method of resolving singularities of any 4-fold covers. Our strategy is similar to the canonical resolution for double and triple covers. So let
Then we obtain the following diagram of normalizations of
and D (i) be the reduced divisors as A, B, C and D, and E (i) the exceptional divisor of σ (i) . For any divisor H and P ∈ Y , we denote the multiplicity of H at P by µ P (H).
Then we obtain the following theorem: 
There are common terms in the above formula and the one of Theorem 4.2. Hence we attend to the rest terms (we call them correction terms) for each singularity of ∆(π) to prove Theorem 4.2.
From now, let π : X → Y be a generic 4-fold cover as in Theorem 4.2. We define the following subsets of Y ; R 2,3 := {P ∈ SingA | ψ 2 and ψ 3 are ramified over P }, R 2 := {P ∈ SingA | ψ 2 is ramified, and ψ 3 is unramified over P }, R 3 := {P ∈ SingA | ψ 2 is unramified, and ψ 3 is ramified over P }.
The following Lemma follows from the local fundamental group at ψ (ii) If R 2 ̸ = ∅, then R 2 consists of a 3k−1 -and e 6 -singularities (k ≥ 1).
Here we compute the correction terms of P ∈ SingA which is an a 1 -singularity in R 3 . The question is local on Y . Hence we may assume that SingA = {P }. Let σ (1) : Y (1) → Y be the blowing-up at P , and E its exceptional divisor. One can check that E is in D (1) . Then ∆(π (1) ) is singular, but π (1) is "of good type". Moreover, X
1 , X
and X (1) are smooth. However X (1) is singular. In this case, σ 2 is identity over P , and σ 3 is blowing-ups at certain points. Then S 3 acts on X ′′ , and X ′′ is smooth. So this resolution is as follows; We compute the correction terms of K and e(X). Similarly, we can check this for all cases.
